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Avian influenza is a viral disease caused by in-
fluenza A viruses, segmented, negative, sin-

gle-stranded RNA viruses belonging to the Ortho-
myxoviridae family. Wild aquatic birds are the virus 
reservoir and generate occasional worldwide panzo-
otic outbreaks during seasonal migrations (1). Highly 
pathogenic avian influenza (HPAI) virus subtypes 
can cause panzootic outbreaks associated with high 
mortality in wild and domestic birds, as well as sub-
stantial economic losses for the poultry industry, and 
are a major threat to public health because of their 
zoonotic potential.

During winter 2020–21, the HPAI H5N8 virus 
belonging to the A/goose/Guangdong/1/1996 clade 
2.3.4.4b lineage caused hundreds of outbreaks among 
wild and domestic flocks across Europe (2,3). France 
was severely affected; 492 poultry farms, primarily 
duck farms, were infected during December 5, 2020–
May 3, 2021. Despite reinforced surveillance activi-
ties, the virus spread rapidly, posing major challeng-
es for surveillance and control. Officially recognized 
surveillance methods involve tracheal or cloacal 

swab-based sampling (4,5). However, these methods 
are laborious and have technical requirements that 
make application on such a massive scale difficult; 
thus, newer surveillance methods are needed. 

Epidemiologic modeling of this outbreak sug-
gested within-farm viral transmission was extremely 
fast, and the environment was a major source of con-
tamination for neighboring farms (6). HPAI viruses 
disperse in aerosols, in fomites carried by human and 
animal vectors, and via feathers, fecal particles, and 
to a great extent, dust (7–9). Poultry farms are known 
to heavily generate dust particles that spread from 
feed, litter, feces, and animal skin and feathers (9,10). 
These particles can act as vehicles for bacteria and vi-
ruses and are classified, depending on their size, as 
inhalable (<100 µm), thoracic (<10 µm), or respirable 
(<4 µm) (10). In poultry houses, most dust consists of 
nonrespirable particles >4 µm (10). We evaluated the 
role of dust as a vehicle of H5N8 clade 2.3.4.4b virus 
and assessed whether dust or aerosol sampling is a 
viable alternative to bird swab sampling for HPAI vi-
rus surveillance.

The Study
During December 2020–April 2021, we conducted a 
study in 63 poultry houses located in 4 departments 
(administrative units) in France highly affected by 
HPAI H5N8 virus outbreaks. On the basis of daily of-
ficial outbreak reports, we identified HPAI-infected 
poultry houses and poultry houses in close vicinity 
or with epidemiologic links to infected houses. The 
study included a total of 48 duck houses, 12 chicken 
houses, 2 quail houses, and 1 goose house. We select-
ed farms identified as being near an HPAI outbreak to 
reflect a range of sanitary statuses and infection stag-
es (i.e., no, mild, or severe clinical signs; high mor-
tality rates). We specifically included houses without  
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Avian influenza A(H5N8) virus has caused major epi-
zootics in Europe since 2016. We conducted virologic 
analysis of aerosol and dust collected on poultry farms 
in France during 2020–2021. Our results suggest dust 
contributes to viral dispersal, even early in an outbreak, 
and could be a valuable surveillance tool.
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clinical signs among animals to evaluate virus disper-
sal and dust testing for HPAI surveillance in the early 
stages of infection.

In each selected poultry house, we collected sur-
face dust with 2 wipes on the building’s walls and 
feeders (9,11) (Appendix, https://wwwnc.cdc.gov/
EID/article/28/7/21-2247-App1.pdf). In 19 houses, 
we also collected aerosol samples by using 2 devices, 
Coriolis Compact (Bertin Instruments, https://www.
bertin-instruments.com) and the NIOSH BC 251 de-
veloped by the National Institute for Occupational 
Safety and Health (NIOSH; https://www.cdc.gov/
niosh) (Appendix). Furthermore, we collected tra-
cheal swab samples from 20 randomly selected birds 
in each house (Appendix Table 1). We chose tracheal 

over cloacal swab samples because the typical respi-
ratory shedding and tropism of HPAI H5N8 clade 
2.3.4.4 viruses enables earlier detection in the respira-
tory tract than cloacae (12,13).

We performed real-time quantitative reverse 
transcription PCR on all samples to detect HPAI vi-
rus at the molecular level by targeting the matrix pro-
tein and H5 genes (Appendix). We compared cycle 
threshold (Ct) distributions of each sample by using 
raincloud plots and a boxplot model (Figure 1). In 
general, Ct values for tracheal swabs (≈25.2) and dust 
(≈28.6) were similar (Figure 1; Appendix). Between 
the 2 aerosol collectors, the Coriolis device showed 
more positive results (Ct <40) than the NIOSH BC 
251 sampler. Furthermore, we noted HPAI H5N8  
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Figure 1. Ct values of highly pathogenic avian influenza A(H5N8) clade 2.3.4.4b virus detected by real-time quantitative reverse 
transcription PCR from tracheal swab and environmental samples collected on poultry farms, France, December 2020–April 2021. 
We used a Wilcoxon test for statistical analysis and considered samples with Ct <40 negative. Each dot indicates a Ct value from 1 
wipe sample or 1 pool of 5 tracheal swab samples. Box plots show 95% CI for Ct values; horizontal lines in boxes indicate means 
and error bars SDs. Red dashed horizontal lines indicate Ct of 40, the cutoff value for negative results. A) Half-violin, scatter, and box 
plots of Ct values for samples collected by using tracheal swab samples or surface wipe samples from 63 poultry houses with and 
without clinical signs among animals. Half-violins show distribution of Ct values for each sample type. B) Ct values for aerosol samples 
collected in 19 poultry houses. Aerosol samples were collected by using the Coriolis Compact (Bertin Instruments, https://www.bertin-
instruments.com) and the NIOSH BC 251 (https://www.cdc.gov/niosh). The NIOSH BC 251 sampling device has 3 fractions for different 
particle sizes; fraction 1 for >4 µm, fraction 2 for 1–4 µm, and fraction 3 for <1 µm. Ct, cycle threshold; NIOSH, National Institute for 
Occupational Safety and Health.
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virus was more easily detected in the largest particles, 
those >1 µm (Figure 1). These results suggest that the 
HPAI H5N8 virus dispersion is associated with large 
dust particles, which could be a major vehicle for  
viral spread.

To estimate the sensitivity of the 4 different sam-
pling methods (tracheal swab samples, surface wipes, 
and Coriolis and NIOSH aerosol samplers) in houses 
with or without poultry showing clinical signs, we 
used a latent class modeling approach, necessary 
when no standard has been established (14). We ad-
justed the model to cross-detect each farm by the 4 
different sampling methods and estimated model 

parameters in a Bayesian framework (Appendix). 
Model outputs suggested that the different sampling 
methods had equivalent sensitivity in HPAI-infected 
flocks showing clinical signs. Surface dust and aero-
sol sampling showed substantially higher sensitivity 
in HPAI-infected flocks without clinical signs, but 
the difference was not statistically significant despite 
overlap of 95% credible intervals (Table 1; Figure 2).

Finally, to assess the infectiousness of environ-
mental samples, we processed 25 surface dust or 
aerosol samples taken from 5 animal houses and used 
these for virus isolation in embryonated eggs (Ap-
pendix). Among 25 samples, 12 (48%) tested positive, 
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Table 1. Estimated sensitivity of sampling methods and sampling strategies by latent class analysis for detection of highly pathogenic 
avian influenza A(H5N8) virus on poultry farms, France, December 2020–April 2021 

Clinical signs Samples* 
Estimated sensitivity of sampling 
method (95% credible interval)† 

Estimated sensitivity of sampling 
strategy (95% credible interval)‡ 

Clinical signs in flock Tracheal swab 0.77 (0.44–0.99) 1.00 (0.90–1.00) 
 Wipe 0.89 (0.64–1.00) 0.99 (0.87–1.00) 
 Coriolis  0.93 (0.69–1.00) 0.93 (0.69–1.00) 
 NIOSH BC 251 0.93 (0.69–1.00) 0.93 (0.69–1.00) 
No clinical signs in flock Tracheal swab 0.46 (0.15–0.97) 0.92 (0.48–1.00) 
 Wipe 0.90 (0.67–1.00) 0.99 (0.89–1.00) 
 Coriolis  0.92 (0.63–1.00) 0.92 (0.63–1.00) 
 NIOSH BC 251 0.67 (0.34–0.91) 0.67(0.34–0.91) 
*Each farm or building was sampled by using 20 tracheal swab samples (pooled in sets of 5 for RT-PCR) and 2 wipe samples from surfaces; on 19 farms 
we also collected 1 air sample from each of the 2 aerosol collection devices, the Coriolis Compact (Bertin Instruments, https://www.bertin-
instruments.com) and the NIOSH BC 251 developed by the National Institute for Occupational Safety and Health (https://www.cdc.gov/niosh). 
†Sampling method relates to the simple analysis of individual samples; individual tracheal swab samples are those analyzed in pools of 5 samples; thus, 
the sensitivity of the sampling method corresponds to the probability that a single sample, or a pooled sample for the tracheal swabs, tests positive in an 
infected poultry house. 
‡Sampling strategy relates to the combined analysis of the different individual samples at the farm or building level, assuming that the farm or building is 
positive when >1 individual sample tests positive; thus, the sensitivity of the sampling strategy corresponds to the probability that >1 sample, or >1 pool of 
5 tracheal swab samples, tests positive in an infected poultry house.  

 

Figure 2. Sensitivity 
comparison of 4 sampling 
techniques used to detect 
highly pathogenic avian 
influenza A(H5N8) clade 
2.3.4.4b virus from 63 poultry 
farms, France, December 
2020–April 2021. Sampling 
was conducted in poultry 
houses with and without 
clinical signs among flocks. 
Box plots show 95% CIs; 
horizontal lines in boxes 
indicate means, error bars 
SDs. The 2 environmental 
samples refer to 2 wipes 
collected in the animal houses, 
1 on feeders and 1 on walls. 
Tracheal swab samples refer 
to 4 pools of 5 swab samples 
collected per house. Aerosol 
samples were collected from 
19 poultry houses by using 
the Coriolis Compact (Bertin 
Instruments, https://www.bertin-instruments.com) and the NIOSH BC 251 (https://www.cdc.gov/niosh). The NIOSH BC 251 sampling 
device has 3 fractions for different particle sizes; fraction 1 for >4 µm, fraction 2 for 1–4 µm, and fraction 3 for <1 µm. Farm-level 
disease prevalence was 0.96 for houses in which animals had clinical signs and 0.5 in houses in which animals did not have clinical 
signs. C, clinical signs; NC, no clinical signs; NIOSH, National Institute for Occupational Safety and Health.
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confirming that viral isolation is possible from these 
sampling methods (Table 2).

Conclusions
We used field conditions to evaluate whether dust 
from poultry farms contained HPAI viruses and to 
compare surface dust and aerosol testing for HPAI 
virus against official swab-based methods. We used 
wipe tests to collect surface dust and 2 bioaerosol de-
vices to collect aerosol samples during the 2020–21 
HPAI H5N8 virus epizootic outbreak in France. Stan-
dard molecular analysis detected high viral RNA 
loads in the early phase of flock infection, before 
clinical signs appeared. In addition, size fractioning 
of aerosol samples revealed that high RNA viral loads 
and infectious viral particles were associated with the 
largest particles (>1 µm), which are easy to collect and 
use for molecular analysis. However, the field condi-
tions we used cannot be reproduced in experimental 
animal trials because of ethical and biosecurity re-
quirements, which result in dramatically lower dust 
loads than those found in the field.

Recent research on influenza transmission routes 
revealed that nonrespiratory airborne particles are 
more likely to cause infection than are droplets or 
fomites (7). Infectious aerosols generated from inert 
objects handled by humans or dispersed through ani-
mal movements can lead to further infection. Dust 
can carry infectious particles and is omnipresent in 
poultry houses (10) and so could be a major means 
of viral transmission and dispersal in the environ-
ment. These findings suggest that biosecurity proto-
cols should strongly emphasize limiting the amount 
of dust dispersed via farm equipment to reduce the 
spread of HPAI viruses.

Of note, for early detection, before flock animals 
show clinical signs of illness, we found that surface 
dust sampling using wipe tests and aerosol sampling 
using a high flow rate collection device are more  

sensitive than tracheal swab samples. The higher sen-
sitivity of environmental sampling methods for early 
detection is likely because of infection dynamics at 
the flock level. During the early phases of infection, 
only a few animals are infectious, making the prob-
ability of detecting virus during individual swab-
based sampling low (6). Swab sampling also is time 
consuming, labor-intensive, and expensive, whereas 
dust wiping is inexpensive, fast, easy to perform,  
and noninvasive. 

In conclusion, we detected HPAI H5N8 clade 
2.3.4.4b virus in dust samples from poultry farms 
during a large epizootic in France. Our findings sug-
gest dust wipe samples are an efficient surveillance 
tool and could enable more rapid virus detection and 
implementation of measures to curb virus spread.
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Table 2. Viral isolation assays on chicken embryonated eggs performed on 5 of the 63 poultry houses in a study to detect highly 
pathogenic avian influenza A(H5N8) virus on poultry farms, France, December 2020–April 2021* 

Sample type† 
House 11 

 
House 26 

 
House 29 

 
House 30 

 
House 34 

Ct VI Ct VI Ct VI Ct VI Ct VI 
Tracheal swab 25 +  20.7 +  21.9 +  18.9 +  20 + 
Dust wipe, feeders 25.8 –  25.1 –  27.4 +  29.5 +  24.2 + 
Dust wipe, walls 27.5 +  25.5 –  30.1 +  28.3 +  23 + 
Coriolis 32 –  33.6 –  27.8 –  25.8 +  26.9 + 
NIOSH BC251               
 Fraction 1 34 –  33.6 –  27.8 –  25.8 +  23.7 + 
 Fraction 2 – ND  36 –  32.4 –  33.1 –  18.6 + 
 Fraction 3 – ND  – ND  36.3 –  – ND  – ND 
*Ct, cycle threshold; ND, not done; VI, virus isolation; +, positive; –, negative. 
†Each farm or building was sampled by using 4 pools of 5 tracheal swab samples, 2 wipe samples (1 from feeders, 1 from walls), and on 19 farms, 1 air 
sample from each of the 2 aerosol collection devices, the Coriolis Compact (Bertin Instruments, https://www.bertin-instruments.com) and the NIOSH BC 
251, developed by the National Institute for Occupational Safety and Health (https://www.cdc.gov/niosh). NIOSH BC 251 sampling device has 3 fractions 
for different particle sizes; fraction 1 for >4 µm, fraction 2 for 1–4 µm, and fraction 3 for <1 µm. 
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Highly Pathogenic Avian Influenza A(H5N8) 
Clade 2.3.4.4b Virus in Dust Samples from 

Poultry Farms, France, 2021 
Appendix 

Methods 

Sampling on Farms 

Tracheal swab samples were taken and tested for avian influenza virus (AIV) by using 

official M/H5 PCR kits and procedures. H5 PCR-positive samples were confirmed as highly 

pathogenic avian influenza (HPAI) A(H5N8) clade 2.3.4.4.b virus by the French National 

Laboratory for Avian Influenza and Newcastle Disease using the official procedures. On-farm 

investigations and collection and shipping of samples were performed in strict compliance with 

regulation and biosecurity procedures, with the authorization and supervision of official 

veterinary services. 

Dust was collected using dry wipes, of ≈900 cm2 (Grosseron, 

https://www.grosseron.com), on the building’s walls and, in 51/63 farms, on feeders. The aim 

was to collect dust without feces, litter, or food residues to avoid PCR inhibition as much as 

possible. Therefore, for feeders, the food distributing pipes were preferred for automatic feeders, 

otherwise the dust was collected in the top part of feeders to avoid feces or food residues. On 

walls, the dust was sampled on all surfaces roughly above 60 cm high, which appears not to have 

any other particles except dust. Both sides of the wipes must be covered by dust. Wipes were 

shipped to the National Veterinary School of Toulouse (France), stored at 4°C, and processed 

within 48 hours. 

Aerosol sampling using the dry cyclonic air sampler Coriolis Compact (Bertin 

Technologies, https://www.bertin-instruments.com) was done according to the manufacturer’s 

instructions. In brief, the Coriolis Compact was calibrated at a 50 L/min air flow rate that enables 

https://doi.org/10.3201/eid2807.212247
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the dry collection of aerosol particles from 500 nm–10 µm in diameter. The 2-stage bioaerosol 

cyclone (BC) sampler, NIOSH BC 251, developed by the National Institute of Occupational 

Safety and Health (NIOSH; https://www.cdc.gov/niosh),  was also used according to the 

manufacturer’s instructions. Prior to utilization, the sampler, connected to an APEX (Casella, 

https://www.casella.com) personal sampling pump, was calibrated using a flow meter at 3.5 

L/min. On the sampler, 15 mL and 1.5 mL collection tubes were installed, as well as the cassette 

in which a handmade 37 mm diameter polytetrafluoroethylene (PTFE) filter with 1.5 µm pore 

was installed. 

During the collection time, both samplers were positioned roughly in the center of the 

barn at ≈1.5 m from the floor and at a minimal distance of 2 m from each other to avoid 

interference. The simultaneous use of both collection devices with respectively high (50 L/min) 

and low (3.5 L/min) air flow rates was shown to enable an accurate airborne virus detection and 

quantification (1). Aerosols were collected for 20 min with the Coriolis sampler, allowing 

aerosol collection of 1 m3 of air, and between 25 and 60 min for the NIOSH samplers due to 

experimental constraints. All experimental samples were stored at 4°C before being processed. 

Processing Methods 

Prior to RNA extraction, tracheal swab and environmental samples (dust and aerosols) 

were processed. Tracheal swab samples were individually placed into single 1.5 mL centrifuge 

tubes containing 500 µL phosphate-buffered saline (PBS) and vigorously vortexed for 10–15 s. 

From the 20 swabs, we created 4 pools of 5 swabs by using 100 µL of each sample. Dust 

samples from the wipes were processed by using 20 mL PBS directly in the transport bag. After 

mixing by hand massage for 2–3 min, the dust solution was collected and aliquoted into 1.5 mL 

centrifuge tubes. 

Aerosols were resuspended by using a PBS-0.5% BSA (w/v) solution; 1 mL of the 

solution was added into the Coriolis Compact collection cone and the first 2 stages of the NIOSH 

BC 251 collection tubes (15 mL falcon tubes and 1.5 mL microtubes). All samples were 

vigorously vortexed for 10–15 s before being aliquoted into 1.5 mL centrifuge tubes. The 

NIOSH BC 251 fraction 3 membrane filter was carefully collected from the cassette by using 

sterile pliers and placed into a 50 mL falcon. The filter was vortexed for 10 s while dry before 

adding 1.5 mL of the PBS-0.5% BSA solution and submitted through another vigorous vortex for 
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10–15 s. Samples were aliquoted into 1.5 mL centrifuge tubes. All samples were stored at −80°C 

after processing. 

RNA Extraction and PCR Methods 

RNA samples were extracted by using the magnetic bead-based ID Gene Mag Fast 

Extraction Kit (IDvet, https://www.id-vet.com) associated with the IDEAL 32 extraction robot 

(IDvet), following the manufacturer’s instructions. The presence of AIV RNA was investigated 

by performing a 1-step, real-time reverse transcription quantitative PCR (rRT-qPCR), Influenza 

A Duplex kit (IDvet), targeting the matrix (M) gene and then targeting the H5 subtype from 

positive results by using the Influenza H5/H7 Triplex kit (IDvet). 

Virus Isolation 

Positive H5 subtype rRT-qPCR biologic and environmental samples from 5 different 

animal houses (A, B, C, D, E) were selected, based on their cycle threshold (Ct) values and 

global study representativity, to test for virus viability using specific virus free (SPF) 

embryonated chicken eggs purchased from INRAE PFIE (https://www.nadir-project.eu). SPF 

eggs were incubated for 9–11 days at 37°C. Infection was executed in triplicate to optimize data 

analysis. Different inoculum concentrations were used depending on the sampling method. 

Inoculum from dust sampling (walls and feeders) were diluted at 0.1 and aerosols from the 

NIOSH BC 251 sampler were diluted at 0.5. Inoculum from the Coriolis Compact was used at a 

concentration of 0.5 and a single pool of tracheal swab samples was used at a concentration of 

0.01 for a single egg, and a concentration of 0.1 for the last 2 remaining eggs. All dilutions were 

achieved by using a sterile 1× PBS solution with penicillin (1,000 U/mL) and streptomycin (1 

mg/mL). Eggs were inoculated with 150 µL of the correspondent dilution, kept in a humidity-

chamber at 37°C for 48 h then at 4°C for 12 h. Allantoic fluid was collected from each egg and a 

hemagglutination titration was directly performed in a 96-well U-bottom plate; 100 µL of 

allantoic fluid was pipetted in the first plate row then the next 7 rows were filled with 50 µL 

PBS. A cascade of 0.5 dilutions was performed and 50 µL of 1% solution of fresh and washed 

chicken red blood cells were added to each well before a 25 min room temperature incubation. 

All samples were controlled by H5 AIV subtype rRT-qPCR by using the ID Gene Influenza 

H5/H7 Triplex kit (IDvet). 
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Samples with inconclusive results were tested twice on eggs. Hemagglutination assay 

was performed and HA-positive allantoic fluids were tested by rRT-qPCR for the H5 subtype to 

assess the presence of viral RNA. 

Latent-Class Modeling  

The analytical approach that was used modeled the cross-detection of farms whose true 

epidemiologic status (presence or absence of HPAI virus) was assessed using 4 different 

imperfect observation processes (based on 4 different sample types) of unknown sensitivity 

(defined as the probability of detecting the virus if it is present in the farm) and specificity 

(defined as the probability of not detecting the virus if it is absent from the farm). For each group 

of farms (clinically affected or not), the observed frequency of the 24 = 16 different combinations 

of test results was assumed to have been distributed according to a multinomial distribution of 

parameters, n = 16 clinically affected farms (48 non-clinically affected farms) and 9 probabilities 

expressed as a combination of the proportion of infected farms and the sensitivity and specificity 

of each of the 4 sensitivity and specificity parameters. The analyses were performed in a 

Bayesian framework by using WinBUGS software (2) embedded in R software (3) by the 

R2WinBUGS library (4). For all sensitivity parameters, we assumed Uniform (0–1) as prior 

distributions. Because rRT-qPCR testing was considered to be highly specific (i.e., 

uncontaminated samples are very likely to test negative), Spi_sample parameters were assigned a β 

prior distribution defined such that its 5th percentile was equal to 90%, and its median to 98%. 

Given the high level of suspicion in clinically-affected flocks, we assumed a Beta (10–1) as a 

prior distribution for the proportion of infected flocks among clinically affected flocks. For the 

non-clinically affected flocks, we assumed a Uniform (0–1) prior distribution for the proportion 

of infected flocks. We ran 2 simulation chains of 100,000 iterations whose convergence and 

mixing were assessed by checking the trace plots for all monitored parameters and calculating 

the Gelman-Rubin convergence statistics (5). The first 5,000 iterations were discarded to allow 

for burn-in of the chains and the chains were thinned, taking every 100th sample to reduce 

autocorrelation among the samples. 

Statistical Analysis 

Differences in Ct distribution based on the sampling strategy were investigated by using a 

pairwise Wilcoxon test. For the calculation, negative Ct were associated to a Ct value of 40 and 

the mean Ct from wipes and swabs was calculated for each poultry house. 
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Appendix Table 1. Cycle threshold values for tracheal swab and environmental samples collected on 63 poultry houses and tested 
for highly pathogenic avian influenza A(H5N8), France, December 2020–April 2021* 

ID 
no. Species 

Clinical 
signs 

Wipes  Tracheal swab sample pools 
 

Aerosol sampling† 

Coriolis 
NIOSH BC 251‡ 

Walls Feeder  1 2 3 4 1 2 3 
1 MD Y 28.3 25.2  23.5 19.5 25.2 22.4  ND ND ND ND 
2 G Y 29.29 27.91  25.2 26.7 26.3 27.1  ND ND ND ND 
3 MD N 28.51 –  23.85 26.92 26.12 29.49  ND ND ND ND 
4 C Y 29.44 29.17  25.26 25.51 23.31 24.96  ND ND ND ND 
5 MD Y 26.81 23.67  19.76 24.98 25.30 24.93  23.39 26.82 30.56 33.76 
6 MD N 31.19 27.85  19.15 22.17 17.69 22.74  ND ND ND ND 
7 MD N 25.1 23.71  20.44 21.86 20.82 21.13  ND ND ND ND 
8 MD N – –  – – – –  ND ND ND ND 
9 MD N – –  – – – –  34 36.06 – – 
10 C Y 36.27 ND  – 24.78 24.51 20.02  32.67 35.81 36.22 – 
11 MD N 27.47 25.84  25.22 24.47 22.98 27.78  31.99 34 – – 
12 MD Y 27.53 27.02  22.99 25.95 19.84 20.08  31.63 32.44 – – 
13 Q N – –  – – – –  – – – – 
14 Q Y 33.77 34.63  30.15 29.71 24.7 27.22  30.18 36.11 – – 
15 MusD N 25.2 23.53  24.14 24.69 24.88 29.34  ND ND ND ND 
16 MusD N 25.35 24.91  34.19 27.65 32.82 33.29  ND ND ND ND 
17 MD N 25.83 –  – – – –  ND ND ND ND 
18 MD N – –  – – – –  ND ND ND ND 
19 C N – –  – – – –  – – – – 
20 C Y 30.19 27.32  24.55 20.18 19.53 18.69  27.92 33.66 – – 
21 MD N 34.04 28.69  26.48 21.76 25.76 21.03  ND ND ND ND 
22 PD N 32.78 31.07  – – – –  ND ND ND ND 
23 MD Y 28.24 25.81  22.86 20.86 22.07 22.05  ND ND ND ND 
24 C N – 33.73  – – – –  ND ND ND ND 
25 PD N 32.05 31.15  – 36.11 – –  31.56 – – – 
26 MD N 25.48 25.08  20.7 27.85 25.54 24.4  30.54 33.64 36 35.99 
27 MD N 26.44 ND  22.56 23.83 24.1 22.56  ND ND ND ND 
28 MD Y 24.55 27.28  29.83 28.11 25.8 –  ND ND ND ND 
29 MD N 30.14 27.43  21.92 19.02 19.58 20.96  31.23 27.84 32.36 36.3 
30 MD Y 28.35 29.51  18.86 23.15 17.87 27.02  24.85 25.81 33.13 – 
31 PD N 30.9 33.76  – 36.13 36.02 35.95  33 – – – 
32 PD N – –  – – – –  ND ND ND ND 
33 MD N 25.03 22.32  22.95 25.11 22.85 25.02  ND ND ND ND 
34 MD N 22.99 24.23  19.94 21.22 18.09 20.63  26.9 23.75 18.63 – 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33507951&dopt=Abstract
https://doi.org/10.1371/journal.pone.0244977
https://doi.org/10.1023/A:1008929526011
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ID 
no. Species 

Clinical 
signs 

Wipes  Tracheal swab sample pools 
 

Aerosol sampling† 

Coriolis 
NIOSH BC 251‡ 

Walls Feeder  1 2 3 4 1 2 3 
35 MD Y 20.73 19.74  25.64 24.87 29.91 23.83  23.26 24.08 29.49 – 
36 MD Y 20.73 19.74  26.29 23.16 28.06 25.06  ND ND ND ND 
37 MD N 31.97 30.28  27.74 – 24.46 30.03  27.52 33.01 – 36.21 
38 MD N 26.69 24.6  25.05 19.84 23.97 24.01  ND ND ND ND 
39 MD N – 27.07  21.09 19.22 22.68 19.68  ND ND ND ND 
40 MD Y 24.94 24.46  21.9 24.1 29.7 21.2  ND ND ND ND 
41 MD N – –  – – – –  33.08 – – – 
42 MD N – 30.77  – – – –  ND ND ND ND 
43 MD Y 27.59 23.99  21.71 21.98 22.65 24.72 

 
22.15 25.55 – 35.87 

44 MD N – –  – – – –  ND ND ND ND 
45 MD N – –  – – – –  ND ND ND ND 
46 MD N – –  – – – –  ND ND ND ND 
47 MD N – –  – – – –  ND ND ND ND 
48 MD N – –  – – – –  ND ND ND ND 
49 PD N 32.3 ND  32.14 33.02 35.53 –  ND ND ND ND 
50 PD N 30.8 27.3  23.9 25.3 29 29.7  ND ND ND ND 
51 PD N – 32  – – – –  ND ND ND ND 
52 PD N 29 21  26.2 22.3 22.3 31.1  ND ND ND ND 
53 PD N 29.5 29.3  34.1 33.7 34.2 –  ND ND ND ND 
54 C N – ND  – – – –  ND ND ND ND 
55 C N – –  – – – –  ND ND ND ND 
56 C N – ND  – – – –  ND ND ND ND 
57 C N – ND  – – – –  ND ND ND ND 
58 C N – ND  – – – –  ND ND ND ND 
59 C N – ND  – – – –  ND ND ND ND 
60 C N – ND  – – – –  ND ND ND ND 
61 MD N – ND  – – – –  ND ND ND ND 
62 MD N – ND  – – – –  ND ND ND ND 
63 MD N – ND  – – – –  ND ND ND ND 
*C, chicken; Ct, cycle threshold; G, goose; ID, identification; MD, mule duck (a hybrid Muscovy/Peking); MusD, Muscovy duck; PD, Peking duck, Q, 
quail; ND, not done; NIOSH, National Institute for Occupational Safety and Health; –, no Ct value detected. 
†Aerosol sampling was performed on 19 farms. Coriolis Compact (Bertin Instruments, https://www.bertin-instruments.com) and NIOSH BC 251 
(National Institute for Occupational Safety and Health, https://www.cdc.gov/niosh) instruments were used. 
‡NIOSH BC 251 sampling device has 3 fractions for different particle sizes; fraction 1 for >4 µm, 2 for 1–4 µm, and 3 for <1 µm.  

 
 
 
 
Appendix Table 2. Official notification status of the animal houses included in a study for detection of highly pathogenic avian 
influenza A(H5N8) in dust from poultry farms, France, December 2020–April 2021* 
Animal houses Notification House no. 
HPAI-positive animal houses Officially notified as outbreak 1, 2, 4, 5, 7, 10, 14, 20, 21, 23, 24, 26, 27, 

28, 30, 31, 33, 34, 35, 36, 40, 43 
 Official detection negative NA 
 Official detection not done NA 
Suspected animal houses adjacent to HPAI-
positive poultry house 

Officially notified as outbreak 49, 50, 51, 52, 53 

 Official detection negative 19, 31, 41, 42 
 Official detection not done 3, 6, 13, 15, 16, 22, 25, 29, 37, 38, 39, 44, 

45, 46 
Suspected animal houses epidemiologically related 
to HPAI-positive poultry house 

Officially notified as outbreak 9, 11, 12 

 Official detection negative 8, 47, 48, 54, 55, 56, 57, 58, 59, 60, 61, 
62, 63 

 Official detection not done 17, 18 
*HPAI, highly pathogenic avian influenza; NA, not applicable. 

 

 



 

Page 7 of 7 

 

Appendix Figure. Half-violin, scatter, and box plots for Ct values of highly pathogenic avian influenza 

A(H5N8) virus detected from tracheal swab and environmental samples collected on poultry farms, 

France, December 2020–April 2021. Ct values are from results of real-time reverse transcription 

quantitative PCR on samples. A) Samples from 10 duck and 3 chicken houses where the animals had 

clinical signs of HPAI; and global results of 15 Ct values provide distribution comparison. B) Samples from 

38 duck and 9 chicken houses where animals did not have clinical signs of HPAI; and global results of 48 

Ct values provide distribution. Each dot indicates a Ct value from 1 wipe sample or 1 pool of 5 tracheal 

swab samples. Half-violins show distribution of Ct values for each sample type. Boxes show 95% CI for Ct 

values; horizontal lines in boxes indicate mean, vertical lines from boxes SD. Red dashed horizontal lines 

indicate Ct 40, the cutoff value for negative results. A pairwise Wilcoxon statistical test was used on the 

mean Ct values for wipes and swabs for each sampling strategy and animal house status. No statistically 

significant differences were found. 


